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to a first adjustable bandwidth limiting value,

- asecond traffic shaper (21) configured to limit the band-
width, allocated to the first communication path (70), to
a second adjustable bandwidth limiting value, and/or

- a third traffic shaper (22) configured to limit the band-
width, allocated to the second communication path (71),
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the multipath scheduler (26), the first traffic shaper (24)
and the second traffic shaper (21) and/or third traffic
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Description

Technical Field of the Invention

[0001] The presentinventionis directed to a multipath-
capable communication device, which may be config-
ured to preferably perform traffic shaping and steering
on data traffic to be transmitted for example via a multiple
access networks.

Background of the Invention

[0002] In particular, due to the increasing pervasive-
ness of the Internet there is a demand for higher data
throughput and reliability of IP-based telecommunica-
tions systems. As a result, different approaches have
been pursued such as the development of multipath
transport protocols, e.g. the Multipath Transmission Con-
trol Protocol (MPTCP) or Quick UDP Internet connec-
tions (QUIC), the Access Traffic Steering, Switching and
Splitting (ATSSS) technology and multiple access net-
works like hybrid access networks. The Third Generation
Partnership Project (3GPP) is one of the organization
that develops standards on these fields. A hybrid access
network combines different access network technolo-
gies, for example fixed line access network technologies
such as xDSL with wireless access network technologies
suchas UMTS, LTE or 5G which allow residential premis-
es equipment having multiple access interfaces to com-
municate effectively with the Internet. An explanation of
the hybrid access architecture can be found under the
URL https://www.broadband-fbrum.org/download/TR-
348.pdf.

[0003] Anissue regarding multiple-access networks is
to perform traffic shaping to optimize quality of service,
improve latency and increase usable bandwidth for data
traffic of different traffic classes. Traffic shaping requires
for example control of the volume of data traffic being
sent over a hybrid access network or of the data rate and
data throughput, respectively, at which the traffic is sent.
[0004] A method of traffic shaping and steering for a
multipath transmission protocol connection is described
in WO 2014/044333 A1.

Summary of the Invention

[0005] Itis an object of the presentinvention to provide
amultipath-capable communication device, which allows
a flexible traffic shaping of data traffic being sent over
multiple communication paths and multiple access net-
works, respectively. According to a further aspect, the
total bandwidth allocated to the multipath-capable com-
munication device as well as the individual bandwidths
allocated to different communication paths and different
access interfaces, respectively, may be adjusted or re-
adjusted to optimize data throughput.
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Brief Description of the Drawings

[0006] The invention is described in detail in connec-
tion with accompanying drawings, wherein

Figure 1  shows ablock diagram of an exemplary com-
munication device configured to perform a
multi-stage traffic shaping,

shows a block diagram of further exemplary
communication device configured to perform
a multi-stage traffic shaping,

shows a block diagram of a further exempla-
ry communication device configured to per-
form a multi-stage traffic shaping, and
shows a block diagram of a still further ex-
emplary communication device configured
to perform a multi-stage traffic shaping in
connection with a bypass switching device.

Figure 2

Figure 3

Figure 4

Detailed Description of the Invention

[0007] Referring now to Figure 1, an exemplary com-
munication system 1 is depicted which may comprise a
multipath capable communication device 10, which may
be implemented as a residential device, in particular as
aresidential router. Furthermore, the illustrative commu-
nication system 1 may further comprise a multiple access
network, for example a hybrid access network which in
turn may comprise two different access networks 80 and
90, which may be connected to a network device 100
which may operate as an hybrid access gateway. Access
network 80 may be implemented as a wireless access
network, e.g. an LTE-based access network, wherein ac-
cess network 90 may be a fixed line access network, e.g.
an xDSL access network. As a result, residential router
10 may comprise a multiple access interface including
for example a wireless access interface 11, e.g. an LTE-
based access interface, connectable to the access net-
work 80 and afixed line access interface 12, e.g. anxDSL
access interface, connectable to the fixed access net-
work 80. The access interfaces 11 and 12 may be imple-
mented as physical and/or software components. It
should be noted, that the residential router 10 may com-
prise more than two access interfaces.

[0008] Preferably, residential router 10 may further
comprise a communication interface 13 configured to
connect to a user end device 50, e.g. a personal compu-
ter. The communication interface 13 may be implement-
ed as an Ethernet-based or Wi-Fi-based hardware inter-
face. The personal computer 50 may include a commu-
nication interface 51, which is connectable to the com-
munication interface 13. Therefore, communication in-
terface 51 may be implemented as an Ethernet-based or
Wi-Fi-based hardware interface. Furthermore, the resi-
dential router 10 may include a further communication
interface 14, which may be configured to receive for ex-
ample data traffic policy rules and/or traffic shaping pa-
rameters, which may be provided by an external traffic
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policy system 60 or any other device configured to com-
municate via a communication interface 61 and the com-
munication interface 14 with the residential router 10. It
is to be noted, that the traffic policy system 60 can be
implemented in the network device 100, or belong to an
Internet service provider or communicate via the access
network 80 and/or the access network 90. It has to be
further noted, that for example with the network device
100 using a multipath transport protocol, e.g. MPTCP or
QUIC, the data traffic policy rules and/or traffic shaping
parameters can be transmitted in data packets to the
residential router 10 using the multipath transport proto-
col. It should be noted, that the communication interface
14 can be configured to communicate via the access net-
work 80 and/or the access network 90. It should be further
noted, that the communication interface 14 may support
a data communication according to the multipath trans-
port protocol used by the residential router 10 and thus
may communicate with the network device 100. It should
be still further noted, that the communication interface
14 may receive the data traffic policy rules and/or traffic
shaping parameters from the applied multipath transport
protocol used between the residential router 10 and the
network device 100. The multipath transport protocol
used by the residential router 10 and/or data traffic policy
rules and/or traffic shaping parameters may be stored in
a memory 40 of the residential router 10. The multipath
transport protocol and/or data traffic policy rules and/or
traffic shaping parameters may be implemented as a Mul-
tipath protocol Policy Manager (MPPM) as described in
the European patent application no. EP 3 534 574 A1
which is incorporated herein by reference.

[0009] In the preferred embodiment, the illustrative
residential router 10 may further comprise

- a control unit 30, which may be implemented as a
micro controller,

- a multipath scheduler 26,

- afirst traffic shaper 24 preferably configured to limit
the total band with allocated to the residential router
10 to a first adjustable bandwidth limiting value,

- a second traffic shaper 21 preferably configured to
limitthe bandwidth allocated to a first communication
pass 70, to a second adjustable bandwidth limiting
value, and/or

- athird traffic shaper 22 preferably configured to limit
the bandwidth allocated to a second communication
path 71 to a third adjustable bandwidth limiting value,

- acommunication path multiplexer 25, also referred
to as an access multiplexer, and

- a communication path de-multiplexer 23, also re-
ferred to as an access de-multiplexer.

[0010] It should be noted, that the multipath scheduler
26, the first traffic shaper 24, the second traffic shaper
21, the third traffic shaper 23, the communication path
multiplexer 25 and the communication path de-multiplex-
er 23 may constitute a multi-access traffic handler 20,
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which may be implemented by hardware components
and/or by software modules which are controllable and/or
executable by the control unit 30.

[0011] Thefirst, second and third adjustable bandwidth
limiting value may correspond to the traffic shaping pa-
rameters storable on the memory 40. For example, the
traffic policy rules may include a first path metric defining
for example in dependence of the traffic class how data
traffic shall be transmitted over the first communication
path 70 and/or the second communication path 71. It
should be noted that residential router 10 may comprise
more than two communication paths.

[0012] In addition, a plurality of instructions and/or
computer programs may be stored in the memory 40,
which may be executed by the control unit 30 to control
in connection with the multipath transport protocol and/or
the data traffic policy rules and/or the traffic shaping pa-
rameters for example

the multipath scheduler 26, the first traffic shaper 24, the
second traffic shaper 21 and the third traffic shaper 22.
[0013] Inthe exemplary residential router 10 data traf-
fic received at communication interface 13 is forward to
the multipath scheduler 26, which is configured to decide
according to the first path metric whether the data traffic
is to be delivered to the first communication path 70
and/or to the second communication path 71. Both com-
munication path 70 and 71 are connected to the access
multiplexer 25, which is preferably configured to multiplex
the data traffic transmitted over the first communication
path 70 and the second communication path 71 and to
deliver the multiplexed data traffic to the first traffic shaper
24. The data traffic processed by the first traffic shaper
24 is delivered to the access de-multiplexer 23, which
may forward portions of the data traffic to the second
traffic shaper 21 and portions of the data traffic to the
third traffic shaper 22. The portions of the data traffic
processed by the second traffic shaper 21 are forwarded
over the first communication path 70 to the LTE-based
access interface 11, wherein the portions of the data traf-
fic processed by the third traffic shaper 22 are forwarded
over the second communication path 71 to the xDSL-
based access interface 12.

[0014] Now, the operation of the residential router 10
is described in detail.

[0015] Itis assumed, that the maximum data rate for
the residential router 10 is to be set to 20 Mbps according
to a tariff contract between the user of the residential
router 10 and an Internet Service Provider, which for ex-
ample may operate the network device 100. Therefore,
the first traffic shaper 24 is configured to limit the total
bandwidth, allocated to the residential router 10 to an
adjustable bandwidth limiting value, which is the maxi-
mum data rate of 20Mbps. Next, it is assumed that in
average xDSL connections may provide a data rate of
10Mbps. In order to reduce the risk of cost intensive data
transmission over the LTE-based access network 80 to
a half of the maximum data rate, the data rate associated
with the LTE-based access interface shall be set for ex-
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ample to 10Mbps, wherein the data rate associated with
the xDSL-based access interface 12 may be set for ex-
ample to the maximum data rate, i.e. 20Mbps. Therefore,
the adjustable bandwidth limiting value of the second traf-
fic shaper 21 is adjusted to 10Mbps, the adjustable band-
width limiting value of the third traffic shaper 22 is adjust-
ed to 20Mbps and the bandwidth limiting value of the first
traffic shaper 24 is adjusted to 20Mbps. Preferably, the
third traffic shaper 22 is deactivated.

[0016] Now, it is further assumed, that the personal
computer 50 has data traffic to be transmitted for example
via the network device 100 to the Internet 190. It is s
further assumed, that a path metric, i.e. path policy rules,
is stored in the memory 40 defining that data traffic to be
sent to the Internet 190 are preferably transmitted via the
xDSL access network 90 but also via LTE access network
80. Now the data traffic, which comprises preferably a
plurality of IP data packets, is forwarded to the multipath
scheduler 26 which distributes the entire data traffic only
to the second communication path 71, if the maximum
data rate is available with respect to the xDSL access
network 90. Otherwise portions of the data traffic are dis-
tributed to the first communication path 70 and to the
second communication path 71, wherein the traffic shap-
er 21 limits the portion of the data traffic to be transmitted
via the first communication path 70 to the adjusted data
rate of 10Mbps associated to the first communication
path 70. The data traffic and the portions of data traffic
are processed by the multi-access traffic handler as il-
lustrated above. Finally, the data traffic received from the
personal computer 50 is then transmitted via the wireless
access interface 11 and/or the xDSL access interface 12
via the network device 100 to the Internet 190.

[0017] It should be noted that communication device
10 as shown in Figure 1 may be alternatively implement-
ed as a user end device such as a mobile phone. In this
case, the access interface 12 would be implemented for
example as a Wi-Fi access interface.

[0018] Referring now to Figure 2, an exemplary com-
munication system 2 is depicted which may comprise an
exemplary residential router 110.

[0019] Furthermore, the illustrative communication
system 2 may further comprise similar to communication
system 1 the multiple access network, for example a hy-
brid access network which in turn may comprise two dif-
ferent access networks 80 and 90, which may be con-
nected to the network device 100 which may operate as
an hybrid access gateway as shown in Figure 1.

[0020] The residential router 110 may comprise a mul-
tiple access interface including for example a wireless
access interface 111, e.g. an LTE-based access inter-
face, connectable to the access network 80 and a fixed
line access interface 112, e.g. an xDSL access interface,
connectable to the fixed access network 80. The access
interfaces 111 and 112 may be implemented as physical
and/or software components. It should be noted, that the
residential router 10 may comprise more than two access
interfaces.
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[0021] Preferably, residential router 110 may further
comprise a communication interface 113 configured to
connect to a user end device 50, e.g. a personal compu-
ter. The communication interface 113 may be implement-
ed as an Ethernet-based or Wi-Fi-based hardware inter-
face. The personal computer 50 may include a commu-
nication interface 51, which is connectable to the com-
munication interface 113. Therefore, communication in-
terface 51 may be implemented as an Ethernet-based or
Wi-Fi-based hardware interface. Furthermore, the resi-
dential router 110 may include a further communication
interface 114, which may be configured to receive for
example data traffic policy rules and/or traffic shaping
parameters, which may be provided by the external traffic
policy system 60 or any other device configured to com-
municate via the communication interface 61 and the
communication interface 114 with the residential router
110. Itis to be noted, that the traffic policy system 60 can
be implemented in the network device 100, or belong to
an Internet service provider or communicate via the ac-
cess network 80 and/or the access network 90. It has to
be further noted, that for example with the network device
100 using a multipath transport protocol, e.g. MPTCP or
QUIC, the data traffic policy rules and/or traffic shaping
parameters can be transmitted in data packets to the
residential router 110 using the multipath transport pro-
tocol. It should be noted, that the communication inter-
face 114 can be configured to communicate via the ac-
cess network 80 and/or the access network 90. It should
be further noted, that the communication interface 114
may support a data communication according to the mul-
tipath transport protocol used by the residential router
110 and thus may communicate with the network device
100. It should be still further noted, that the communica-
tion interface 114 may receive the data traffic policy rules
and/or traffic shaping parameters from the applied mul-
tipath transport protocol used between the residential
router 110 and the network device 100. The multipath
transport protocol and/or data traffic policy rules and/or
traffic shaping parameters may be stored in a memory
140 of the residential router 110. The multipath transport
protocol and/or data traffic policy rules and/or traffic shap-
ing parameters may be implemented as a Multipath pro-
tocol Policy Manager (MPPM) as described in the Euro-
pean patent application no. EP 3 534 574 A1 which is
incorporated herein by reference.

[0022] In the preferred embodiment, the illustrative
residential router 110 may further comprise

- a control unit 130, which may be implemented as a
micro controller,

- a multipath scheduler 126,

- afirsttraffic shaper 124 preferably configured to limit
the total bandwidth allocated to the residential router
110 to a first adjustable bandwidth limiting value,

- asecond traffic shaper 121 preferably configured to
limitthe bandwidth allocated to a first communication
pass 170, to a second adjustable bandwidth limiting
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value, and/or

- athirdtrafficshaper 122 preferably configured to limit
the bandwidth allocated to a second communication
path 171 to a third adjustable bandwidth limiting val-
ue,

- acommunication path multiplexer 125, also referred
to as an access multiplexer, and

- acommunication path de-multiplexer 123, also re-
ferred to as an access de-multiplexer.

[0023] It should be noted that the multipath scheduler
126, the first traffic shaper 124, the second traffic shaper
121, the third traffic shaper 123, the communication path
multiplexer 125 and the communication path de-multi-
plexer 123 may constitute a multi-access traffic handler
120, which may be implemented by hardware compo-
nents and/or by software modules which are controllable
and executable by the control unit 130.

[0024] Thefirst, second andthird adjustable bandwidth
limiting value may correspond to the traffic shaping pa-
rameters storable on the memory 140. For example, the
traffic policy rules may include a first path metric defining
for example in dependence of the traffic class how data
traffic shall be transmitted over the first communication
path 170 and/or the second communication path 171. It
should be noted that residential router 110 may comprise
more than two communication paths.

[0025] In addition, a plurality of instructions and/or
computer programs may be stored in the memory 140,
which may be executed by the control unit 130 to control
in connection with the multipath transport protocol and/or
the data traffic policy rules and/or the traffic shaping pa-
rameters for example

the multipath scheduler 126, the first traffic shaper 124,
the second traffic shaper 121 and the third traffic shaper
122.

[0026] Intheexemplaryresidential router 110 data traf-
fic received at communication interface 113 is forward to
the multipath scheduler 126, which is configured to de-
cide according to the first path metric whether the data
traffic is to be delivered to the first communication path
170 and/or to the second communication path 171. The
second traffic shaper 121 is associated with and con-
nected to, respectively, the first communication 170,
wherein the third traffic shaper 122 is associated with
and connected to, respectively, the second communica-
tion 171. The data traffic processed by the second traffic
shaper 121 and the data traffic processed by the third
traffic shaper 122 are delivered to the access multiplexer
126. The multiplexed data traffic is then forwarded to the
first traffic shaper 124. The data traffic processed by the
traffic shaper 124 is forwarded to the access de-multi-
plexer 123 which in turn forward the respective data traffic
via the first communication path 170 to the LTE-based
access interface 111 and the respective data traffic via
the second communication path 171 to the xXDSL-based
access interface 112.

[0027] Itis to be noted that residential router 110 may
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be operated in a similar manner as residential router 10.
Therefore, the operation described above in connection
with residential router 10 also applies to residential router
110.

[0028] Referring now Figure 3, a third exemplary com-
munication system 3 is shown which may comprise a
multipath capable communication device 100. The ex-
emplary communication device 100 may be implemented
as a network device which may be implemented as a
hybrid access gateway. The network device 100 may in-
clude a communication interface 180 connectable to the
Internet 190 and preferably to a server 195 which may
belong to the Internet 190. The network device 100 may
communicate in a known manner via the access net-
works 80 and 90 with the residential router 10. The ac-
cess networks 80 and 90 have been described in detail
with respect to Figure 1.

[0029] Preferably, network device 100 may comprise
a further communication interface 181, which may be
configured to receive for example data traffic policy rules
and/or traffic shaping parameters, which may be provid-
ed by an external traffic policy system 210 or any other
device configured to communicate via the communica-
tion interface 181 with the network device 100. Itis to be
noted, that the traffic policy system 210 can be imple-
mented in the network device 100 itself, or belong to an
Internet service provider or communicate via the access
network 80 and/or the access network 90. It has to be
further noted, that for example with the network device
100 using a multipath transport protocol, e.g. MPTCP or
QUIC, the data traffic policy rules and/or traffic shaping
parameters can be transmitted in data packets to the
network device 100 using the multipath transport proto-
col. It should be noted, that the communication interface
181 can be configured to communicate via the access
network 80 and/or the access network 90. It should be
further noted, that the communication interface 181 may
support a data communication according to the multipath
transport protocol used by network device 100. It should
be still further noted, that the communication interface
181 may receive the data traffic policy rules and/or traffic
shaping parameters from the applied multipath transport
protocol. The multipath transport protocol used by the
residential router 10 and/or data traffic policy rules and/or
traffic shaping parameters may be stored in a memory
230 of the network device 100. The multipath transport
protocol and/or data traffic policy rules and/or traffic shap-
ing parameters may be implemented as a Multipath pro-
tocol Policy Manager (MPPM) as described in the Euro-
pean patent application no. EP 3 534 574 A1 which is
incorporated herein by reference.

[0030] In the preferred embodiment, the illustrative
network device 100 may further comprise

- a control unit 220, which may be implemented as a
micro controller,

- a multipath scheduler 203,

- afirsttraffic shaper 204 preferably configured to limit
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the total band with allocated to the residential router
10 to a first adjustable bandwidth limiting value,

- asecond traffic shaper 201 preferably configured to
limitthe bandwidth allocated to a first communication
path 240, to a second adjustable bandwidth limiting
value, and/or

- athirdtrafficshaper 202 preferably configured to limit
the bandwidth allocated to a second communication
path 241 to a third adjustable bandwidth limiting val-
ue.

[0031] It should be noted that the multipath scheduler
203, the first traffic shaper 204, the second traffic shaper
201, the third traffic shaper 202 may constitute a multi-
access traffic handler 200, which may be implemented
by hardware components and/or by software modules
which are controllable and executable by the control unit
220.

[0032] Thefirst, second andthird adjustable bandwidth
limiting value may correspond to the traffic shaping pa-
rameters storable on the memory 230. For example, the
traffic policy rules may include a first path metric defining
for example in dependence of the traffic class how data
traffic shall be transmitted over the first communication
path 240 and/or the second communication path 241. It
should be noted that the network device 100 may com-
prise more than two communication paths.

[0033] In addition, a plurality of instructions and/or
computer programs may be stored in the memory 230,
which may be executed by the control unit 220 to control
in connection with the multipath transport protocol and/or
the data traffic policy rules and/or the traffic shaping pa-
rameters for example

the multipath scheduler 203, the first traffic shaper 204,
the second traffic shaper 201 and the third traffic shaper
202.

[0034] It should be noted, that the multi-communica-
tion path traffic handler 200 may be implemented similar
or identical to the multi-communication path traffic han-
dler 20 or 120.

[0035] Returning to Figure 3 data traffic, which is in-
tended to be transmitted from the Internet server 195 for
example to residential router 10 and the personal com-
puter 50 is received at the communication interface 180.
The data traffic may comprise a plurality of data packets,
for example IP data packets each including the destina-
tion address of the residential router 10. Next the data
trafficis in processed under control of the control unit 220
in that the data traffic is delivered to traffic shaper 204,
then forwarded to the multipath scheduler 203 which de-
cides in response to the path metric stored on memory
230 which portion of the data packets should be forward-
ed to the first communication path 240 and which data
packets should be forwarded to the second communica-
tion path 241. The data packets transmitted via the com-
munication path 240 are processed by the traffic shaper
201 which is configured to limit the bandwidth allocated
to the first communication path 240 to a first bandwidth
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limiting value. The data packets that are transmitted via
the communication path 241 are processed by the traffic
shaper 202 which is configured to limit the bandwidth
allocated to the second communication path 241 to a
second bandwidth limiting value. Finally, and in depend-
ence of the decision of the multipath scheduler 203 some
data packets are transmitted via communication path 240
over the LTE access network 80 and some data packets
are transmitted via the communication path 241 over the
xDSL access network 90 to the residential router 10
which may be configured to put together the received
data packets to the original data traffic and forward the
data traffic via its communication interface 13 to personal
computer 50. In an exemplary scenario, it is assumed,
that a tariff-based bandwidth of 16Mbps is available for
the residential router 10 with respect to the xDSL-access
network 90. Therefore, in order to prevent the network
device 100 to push a data volume via the xDSL access
network 90 to the residential router, which exceeds the
tariff-based bandwidth the traffic shaper 202 can be ad-
justed to limit its bandwidth to a bandwidth limiting value
of 16Mbps.

[0036] It should be noted that the multi-access traffic
handler 200 may be replaced by the multi-access traffic
handler 20, 120 or 20.1 as shown in the Figures 1, 2 and
4. Referring now to Figure 4, an exemplary communica-
tion device 10.1 is illustrated which is an exemplary mod-
ification of the exemplary residential router 10 as shown
in Figure 1. Therefore, reference numbers used in Figure
4, which are identical to reference numbers used in Fig-
ure 1 indicate identical or similar software and/or hard-
ware components. In addition, the control unit 30.1 and
memory 40.1 may be implemented in a similar manner
as the control unit 30 and the memory 40 of the residential
router 10 as depicted in Figure 1. It is to be noted, that
the above illustration of residential router 10 is also ap-
plicable to the communication device 10.1.

[0037] The exemplary residential router 10.1 further
comprises a switching device 250, which is arranged be-
tween the communication interface 13 and the multipath
scheduler 26. Preferably, the switching device 250 is con-
nected via a link 270 to the multipath scheduler 26 and
to afirst bypath communication path 271 and to a second
bypass communication path 272. Bypass communica-
tion path 271 is associated with access interface 11,
whereas bypass communication path 272 is associated
with accessinterface 12. Preferably, the switching device
250 is configured to switch data traffic received at com-
munication interface 13 in dependence of a second path
metric to the first bypass communication path 271 or to
the second bypass communication path 272 or to the
multipath scheduler 26 via link 270.

[0038] The second path metric used by the switching
device 250 may include rules defining for example that
multipath capable data traffic is to be transmitted via link
270 to the multipath scheduler 26, wherein non-multipath
capable data trafficis to be transmitted via the firstbypass
communication path 271 or the second bypass commu-
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nication path 272. It is to be noted that data packets be-
longing to multipath capable data traffic and data packets
belonging to non-multipath capable data traffic are la-
beled respectively. In addition, the path metric may in-
clude rules, which allow the switching device 250 to rec-
ognize data traffic belonging to different traffic classes
and to decide in dependence of the traffic class the data
traffic belongs to which of the communication paths 270,
271 or 272 the data traffic is to be switched. The decision,
whether data traffic is to be switched to bypass commu-
nication path 271 or bypass communication path 272
may be made on the basis of a cost metric defining for
example that data traffic belonging to a TV service should
be, ifavailable, transmitted via the xDSL access interface
12 and thus switched to bypass communication path 272.
[0039] As shown in Figure 4, there exist different pos-
sible connection points to connect or couple the bypass
communication path 271 to the first communication path
70 and the bypass communication path 272 to the second
communication path 71 in order to may combine or re-
assemble data traffic transmitted over the communica-
tion path 70 and data traffic transmitted over the bypass
communication path 271 and/or to combine or reassem-
ble data traffic transmitted over the communication path
71 and data traffic transmitted over the bypass commu-
nication path 272.

[0040] As shown in Figure 4, bypass communication
path 271 may be coupled to communication path 70 at
a connection point 300, i.e. between the path scheduler
26 and the access multiplexer 25, or at a connection point
301, i.e. between the access de-multiplexer 23 and the
traffic shaper 21, or at a connection point 302. In the latter
case, a traffic shaper 260 may be connected into bypass
communication path 271 so that data traffic transmitted
over the bypass communication path 271 may be proc-
essed by the traffic shaper 260 before reaching the ac-
cess interface 11. In a similar way, bypass communica-
tion path 272 may be coupled to communication path 71
ataconnection point 290, i.e. between the path scheduler
26 and access multiplexer 25, or at a connection pint
291, i.e. between the access de-multiplexer 23 and the
traffic shaper 22, or at a connection point 292. In the latter
case, a traffic shaper 261 may be connected into bypass
communication path 272 so that data traffic transmitted
over the bypass communication path 272 may be proc-
essed by the traffic shaper 261 before reaching the ac-
cess interface 12. The traffic shaper 260 is preferably
configured to limit the bandwidth allocated to the first by-
pass communication path 271, to a fourth adjustable
bandwidth limiting value, wherein the traffic shaper 261
is preferably configured to limit the bandwidth allocated
to the bypass communication path 272 to a fifth adjust-
able bandwidth limiting value.

[0041] Itshould be noted that data traffic which is trans-
mitted over the bypass communication path 271 and cou-
pled onto communication path 70 at connection point 300
is transmitted through access multiplexer 24 to traffic
shaper 24, processed by traffic shaper 24, forwarded by
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access de-multiplexer 23 to traffic shaper 21 and proc-
essed by traffic shaper 21 and forwarded to the access
network interface 11. In a similar way, data traffic which
is transmitted over the bypass communication path 272
and coupled onto communication path 71 at connection
point 290 is transmitted through access multiplexer 24
to traffic shaper 24, processed by traffic shaper 24, for-
warded by access de-multiplexer 23 to traffic shaper 22
and processed by traffic shaper 22 and then forwarded
to the access network interface 12. Data traffic transmit-
ted via the bypass communication path 271 and coupled
onto communication path 70 at connection point 301 is
process by the traffic shaper 21, whereas data traffic
transmitted via the bypass communication path 272 and
coupled onto communication path 71 at connection point
291 is process by the traffic shaper 21.

[0042] It should be noted that the multipath scheduler
26, the first traffic shaper 24, the second traffic shaper
21, the third traffic shaper 23, the communication path
multiplexer 25, the traffic shaper 260 and 261, the switch-
ing device 250 and the communication path de-multiplex-
er 23 may constitute a multi-access traffic handler 20.1,
which may be implemented as hardware components
and/or as software modules which are controllable and
executable by the control unit 30.1.

[0043] The first, second, third, fourth and fifth adjusta-
ble bandwidth limiting value may correspond each to the
traffic shaping parameters storable on the memory 40.1.
For example, the traffic policy rules may include the first
path metric defining for example in dependence of the
traffic class how data traffic shall be transmitted over the
first communication path 70 and/or the second commu-
nication path 71 and the second path metric. It should be
noted that the residential router 10.1 may comprise more
than two communication paths.

[0044] In addition, a plurality of instructions and/or
computer programs may be stored in the memory 40.1,
which may be executed by the control unit 30.1 to control
in connection with the multipath transport protocol and/or
the data traffic policy rules and/or the traffic shaping pa-
rameters for example the multipath scheduler 26, the first
traffic shaper 24, the second traffic shaper 21, the third
traffic shaper 22, the traffic shaper 260 and 261 and the
switching device 250.

[0045] The respective band with limiting values may
be generated by the device 60 and delivered via com-
munication interfaces 61 and 14 to the residential router
10.1, which is configured to store the bandwidth limiting
values in memory 40.1. In a similar way, the external
device 60 may be configured to generate and update the
first and second path metrics associated with the switch
device 250 and the multipath scheduler 26, respectively.
[0046] It should be noted, that the path metrics asso-
ciated with the switch device 250 and/or multipath sched-
uler 26 may include rules which decide in dependence
of different traffic classes for the respective data traffic
received at communication interface 13 are to be for-
warded via communication path 270 or by path 271 or
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by path 272. For example, path metric used by switching
device 250 may rule that data traffic associated to the
TV service is to be forwarded via second bypass 272
since the xDSL access interface 12 to be used this it is
the cheapest access interface.

[0047] Now it is assumed, that the bypass communi-
cation path 271 includes the traffic shaper 260, which is
connected to the communication path 70 at the connec-
tion point 302, wherein the bypass communication path
272 includes the traffic shaper 261, which is connected
to the communication path 71 atthe connection point 292.
[0048] According to a preferred embodiment both, the
traffic shaper 260 and the traffic shaper 21 as well as
both the traffic shaper 22 and the traffic shaper 261, can
be logically coupled.

[0049] In afirst exemplary scenario itis assumed, that
a bandwidth of 10Mbps is available with respect to the
xDSL access interface 12 allowing transmission of TV-
based data traffic. In addition it is assumed, that the band-
width limiting value of the traffic shapers 22 and 261 are
set to 10Mbps each. For example, the control unit 30.1
may be configured to control the traffic shaper 261 and
the traffic shaper 22 such that traffic shaper 261 is prior-
itized over traffic shaper 22 in order to allow TV-based
data traffic transmitted over the bypass communication
path 272 to be processed and forwarded to the xDSL
access interface 12 first.

[0050] In a second exemplary scenario, it is assumed
that a bandwidth of 16Mbps is available with respect to
the xDSL access interface 12 of the residential router
10.1 and that the initial bandwidth limiting values of the
traffic shaper 22 and 261 are set to 10Mbps each. In
order to allow transmission of TV-based data traffic via
the xDSL-based access interface 12, the control unit 30.1
may be configured to readjust, if the personal computer
50is preparedto transmit TV-based data traffic, the band-
width limiting value of the traffic shaper 22 to 6Mbps,
while keeping the bandwidth limiting value of the traffic
shaper 261 unchanged at 10Mbps. Alternatively, the con-
trol unit 30.1 may be configured to keep the bandwidth
limiting value with respect to the traffic shaper 22 and the
traffic shaper 261 unchanged at 10Mbps, but to increase
the current bandwidth limiting value of the traffic shaper
24 by 6Mbps.

[0051] At least some of the exemplary aspects illus-
trated above in connection with the Figures 1 to 4 are
now summarized.

[0052] According to a preferred embodiment, a multi-
path capable communication device 10, 110, 10.1 and
100, respectively may comprise:

- atleast a first communication path 70, 170 and 240,
respectively, and a second communication path 71,
171 and 241, respectively, each configured to pro-
vide data traffic to be transmitted,

- at least one control unit 30, 130, 22 and 30.1, re-
spectively,

- amultipath scheduler 26, 126 and 203, respectively,
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each being configured to distribute data traffic to the
first communication path 70, 170 and 240, respec-
tively, and/or to the second communication path 71,
171 and 241, respectively, in dependence of a first
path metric,

- a first traffic shaper 24, 124 and 204, respectively,
each being configured to limit the total bandwidth,
allocated to the communication device 10, 110, 10.1,
100, to a first adjustable bandwidth limiting value,

- asecond traffic shaper 21, 121 and 201, respective-
ly, each being configured to limit the bandwidth, al-
located to the first communication path 70, 170 and
240, respectively, to a second adjustable bandwidth
limiting value, and/or

- athird traffic shaper 22, 122 and 202, respectively,
each being configured to limit the bandwidth, allo-
cated to the second communication path 71,171 and
241, respectively, to a third adjustable bandwidth lim-
iting value, wherein the at least one control unit 30,
130,220 and 30.1, respectively, is configured to con-
trol the multipath scheduler 26, 126 and 203, respec-
tively, the first traffic shaper 24, 124 and 204, respec-
tively, and the second traffic shaper 21,121 and 201,
respectively, and/or third traffic shaper 22, 122 and
202, respectively.

[0053] Preferably, the multipath capable communica-
tion device may further comprise

- acommunication interface 14, 114 and 181, respec-
tively, each being configured to receive the first path
metric, the first bandwidth limiting value and the sec-
ond and/or third bandwidth limiting value for example
from a traffic policy management system 60 and

- amemory 40, 140, 230 and 40.1, respectively, each
being configured to store the first path metric, the
first bandwidth limiting value and the second and/or
third bandwidth limiting value.

[0054] Preferably, the control unit 220 as shown in Fig-
ure 3 may be configured to process data traffic to be
transmitted for example via a hybrid access network

i) by controlling and/or executing

- first the first traffic shaper 204,

- second the multipath scheduler 203,

- third the second and/or third traffic shaper 201,
202 and

ii) by causing or controlling the communication de-
vice 100 to provide the data traffic on the first com-
munication path 240 and/or the second communica-
tion path 241 for transmission.

[0055] Preferably, the control unit 30 as shown in Fig-
ure 1 may be configured to process data traffic to be
transmitted
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i) by controlling and/or executing

- first the multipath scheduler 26,

- second an access multiplexer 25

- third the first traffic shaper 24,

- fourth an access de-multiplexer 23,

- fifth the second and/or the third traffic shaper
21, 22 and

ii) by causing or controlling the communication de-
vice 10 to provide the data traffic on the first and/or
second communication path 70, 71 for transmission.

[0056] Preferably, the control unit 130 as shown in Fig-
ure 2 may be configured to process data traffic to be
transmitted

i) by controlling and/or executing

- first the multipath scheduler 126,

- second the second and/or third traffic shaper
121,122

- third an access multiplexer 125,

- fourth the first traffic shaper 124,

- fifth an access de-multiplexer 123, and

ii) by causing or controlling the communication de-
vice 110 to provide the data traffic onto the firstand/or
second communication path 170, 171 for transmis-
sion.

[0057] Preferably, the multipath capable communica-
tion device 10.1 as shown in Figure 4 may further com-
prise a switching device 250 configured to deliver in de-
pendence of a second path metric data traffic via a first
bypass communication path 271 to the first communica-
tion path 70 or via a second bypass communication path
272 to the second communication path 71 or to the mul-
tipath scheduler 26.

[0058] Preferably, the multipath capable communica-
tion device 10.1 may further comprise a fourth traffic
shaper 260 associated with the first bypass communica-
tion path 271 and configured to limit data traffic transmit-
ted over the first bypass communication path 271 to a
fourth adjustable bandwidth limiting value, and a fifth traf-
fic shaper 261 associated with the second bypass com-
munication path 272 and configured to limit data traffic
transmitted over the second bypass communication path
272 to a fifth adjustable bandwidth limiting value.
[0059] Preferably, the multipath capable communica-
tion device 10.1 may be configured to readjust

- the bandwidth limiting values of the fourth traffic
shaper 260 and the second traffic shaper 21 and/or

- the bandwidth limiting values of the fifth traffic shaper
261 and the third traffic shaper 22 and/or

- the bandwidth limiting value of the first traffic shaper
24,
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[0060] Preferably the multipath capable communica-
tion device may be implemented as a user end device,
aresidential router 10, 10.1, 110 or a network device 100.
[0061] Preferably, the multipath capable communica-
tion device 10, 10.1 and 110, respectively, may comprise
afirstaccess network interface 11 and 111, respectively,
each being associated with the first communication path
70 and 170, respectively, and a second access network
interface 12 and 112, respectively, each being associat-
ed with the second communication path 71 and 171, re-
spectively.

[0062] Preferably, the firstaccess network interface 11
and 111, respectively, may be a cellular access network
interface and the second access network interface 12
and 112, respectively, may be a Wi-Fi or a fixed access
network interface.

Claims

1. A multipath capable communication device (10, 110,
10.1, 100) comprising:

- at least a first communication path (70, 170,
240) and a second communication path (71,
171, 241) configured to provide data traffic to be
transmitted,

- at least one control unit (30, 130, 22, 30.1),
-amultipath scheduler (26, 126, 203) configured
to distribute data traffic to the first communica-
tion path (70, 170, 240) and/or to the second
communication path (71, 171, 241) in depend-
ence of a first path metric,

- a first traffic shaper (24, 124, 204) configured
to limit the total bandwidth, allocated to the com-
munication device (10, 110, 10.1, 100), to a first
adjustable bandwidth limiting value,

- a second traffic shaper (21, 121, 201) config-
ured to limit the bandwidth, allocated to the first
communication path (70, 170, 240), to a second
adjustable bandwidth limiting value, and/or

- a third traffic shaper (22, 122, 202) configured
to limit the bandwidth, allocated to the second
communication path (71, 171, 241), to a third
adjustable bandwidth limiting value, wherein

the at least one control unit (30, 130, 22, 30.1) is
configured to control the multipath scheduler (26,
126, 203), the first traffic shaper (24, 124, 204) and
the second traffic shaper (21, 121, 201) and/or third
traffic shaper (22, 122, 202).

2. The multipath capable communication device of
claim 1,
further comprising:

a communication interface (14, 114, 181) con-
figured to receive the first path metric, the first
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bandwidth limiting value and the second and/or
third bandwidth limiting value from a traffic policy
management system (60) and

a memory (40, 140, 230, 40.1) configured to
store the first path metric, the first bandwidth lim-
iting value and the second and/or third band-
width limiting value.

The multipath capable communication device (100)
of claim 1 or 2,

wherein the control unit (220) is configured to proc-
ess data traffic to be transmitted

i) by controlling

- first the first traffic shaper (204),

- second the multipath scheduler (203),

- third the second and/or third traffic shaper
(201, 202) and

ii) by causing the communication device (100)
to provide the data traffic on the first communi-
cation path (240) and/or on the second commu-
nication path (241) for transmission.

The multipath capable communication device (10)
of claim 1 or 2,

wherein the control unit is configured to process data
traffic to be transmitted

i) by controlling

- first the multipath scheduler (26),

- second an access multiplexer (25)

- third the first traffic shaper (24),

- fourth an access de-multiplexer (23),

- fifth the second and/or the third traffic
shaper (21, 22) and

ii) by causing the communication device (10) to
provide the data traffic on the first and/or second
communication path (70, 71) for transmission.

The multipath capable communication device (110)
of claim 1 or 2,

wherein the control unit (130) is configured to proc-
ess data traffic to be transmitted

i) by controlling

- first the multipath scheduler (126),

- second the second and/or third traffic
shaper (121, 122)

- third an access multiplexer 125),

- fourth the first traffic shaper (124),

- fifth an access de-multiplexer (123), and

ii) by causing the communication device (110)
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10

10.

1.

to provide the data traffic on the first and/or sec-
ond communication path (170, 171) for trans-
mission.

The multipath capable communication device (10.1)
of anyone of the preceding claims, further comprising
a switching device (250) configured to deliver in de-
pendence of a second path metric data traffic via a
first bypass communication path (271) to the first
communication path (70) or via a second bypass
communication path (272) to the second communi-
cation path (71) or to the multipath scheduler (26).

The multipath capable communication device (10.1)
of claim 6,

further comprising:

a fourth traffic shaper (260) associated with the first
bypass communication path (271) and configured to
limit data traffic transmitted over the first bypass
communication path (271) to a fourth adjustable
bandwidth limiting value, and a fifth traffic shaper
(261) associated with the second bypass communi-
cation path (272) and configured to limit data traffic
transmitted over the second bypass communication
path (272) to a fifth adjustable bandwidth limiting val-
ue.

The multipath capable communication device (10.1)
of claim 7,

wherein multipath capable communication device
(10.1) is configured to readjust

- the bandwidth limiting values of the fourth traffic
shaper (260) and the second traffic shaper
(21)(and/or

- the bandwidth limiting values of the fifth traffic
shaper (261) and the third traffic shaper (22)
and/or

- the bandwidth limiting value of the first traffic
shaper (24).

The multipath capable communication device of an-
yone of the preceding claims, wherein the multipath
capable communication device is implemented as a
user end device, a residential router (10, 10.1, 110)
or a network device (100).

The multipath capable communication device (10,
10.1, 110) of anyone of the preceding claims, com-
prising

a first access network interface (11, 111) associated
with the first communication path (70, 170) and a
second access network interface (12, 112) associ-
ated with the second communication path (71, 171).

The multipath capable communication device of
claim 10, wherein
the first access network interface (11, 111) is a cel-
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lular access network interface and the second ac-
cess network interface (12, 112) is a Wi-Fi or a fixed
access network interface.
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